Pathophysiology of coronary artery disease relevant to percutaneous inter vention Atherosclerotic coronary artery disease (CAD) is a diffuse process which manifests clinically in several ways, including angina pectoris, myocardial infarction (MI) and sudden death. Coronary atherosclerotic plaque may be classified into vulnerable plaque prone to rupture and stable plaque, less prone to rupture. Vulnerable plaques usually contain a large lipid-rich core with a thin fibrous cap, whereas stable plaque has a thicker fibrous cap. 1,2 Either type of plaque may obstruct the coronary lumen enough to cause exertional angina, but it is the rupture of vulnerable plaque which typically leads to unstable angina and to MI. Coronary angiography or lumenography is an excellent tool for the identification of significant obstructive disease. While angiography often suggests the presence of focal lesions, auto psy studies and intracoronary ultrasonography demonstrate the true diffuse nature of the atherosclerotic process. Additionally, we know that coronary angiography cannot reliably distinguish between vulnerable and stable plaque. Serial angiographic studies in patients with acute MI often demonstrate that the culprit lesion responsible had a <50% diameter stenosis on the earlier imaging study. 3,4 Although coronary atherosclerosis is a diffuse process, percutaneous transluminal coronary angioplasty (PTCA) and stent implantation are focal endovascular treatments. Percutaneous coronary inter ventions (PCI) are typically performed on atherosclerotic lesions creating a ≥70% luminal
194 subjects. Survival, after 8 years of follow-up, did not differ significantly in the two treatment arms (79.3% in the angioplasty group and 82.7% in the CABG group). There was a trend for those patients with diabetes and for those with proximal left anterior descending (LAD) disease to experience better long-term survival. The generalizability of the study results were limited by the single center study design.
BARI, one of the first large multicenter RCTs, compared PTCA to CABG for the treatment of twoand three-vessel CAD. BARI's enrollment started in 1988 and reached a total sample size of 1829 randomized patients. An additional 2013 eligible patients refused randomization and these were followed in a registry along with 422 patients who were ineligible based on angiographic criteria. The 5-year results were published in 1996 and the final, 10-year follow-up was published in 2007.
12 BARI found no significant mortality difference in the randomized patient cohort, and this was also true for the non-diabetic patient subgroup. In the subgroup of patients with treated diabetes, however, CABG was associated with a significantly higher cardiac survival rate (p <0.01).
The GABI trial recruited patients (from eight centers in Germany) requiring revascularization of two or more vessels. As was typical in this era, patients with total occlusions or significant LM disease were excluded along with patients aged >75 years. A total of 8,981 patients were screened in order to achieve 359 randomized subjects. Long-term follow-up was excellent. After 13 years, PCI and CABG were found to have comparable survival and symptomatic efficacy. 10 The RITA-I trial, a larger multicenter study based in the United Kingdom, was notable for an additional analysis of health care resource utilization. The patients tended to have less extensive disease than GABI. Of the 1011 patients randomized, 45% had single vessel and 55% had multivessel disease. After a mean of 6.5 years of follow-up, there was no significant difference in the composite endpoint of death or MI, although a trend favored CABG. The 5-year cumulative rate of death or MI was 14.1% for PTCA and 11.1% for CABG. The cost analysis at 5 years demonstrated a non-significant 4.8% excess cost in the CABG group, as the higher initial cost of CABG was counterbalanced over time by the cost of more frequent repeat procedures in the percutaneous inter vention group.
While the results of these trials were informative, how best to utilize PCI in advanced CAD remained unresolved due, to a large extent, to the evolution of coronary inter ventional treatment concurrent with these trials. Progress in percutaneous techniques combined with remarkable advances in device technology and adjunctive pharmacology have made PCI safer and more effective over the last 3 decades. The introduction of bare meta l stents (BMS) significantly reduced the rate of emergency surgery after failed PTCA diameter stenosis because this is the generally accepted threshold for hemo dynamic significance. This strategy successfully treats angina and is the basis for current PCI guidelines. 5 Because angioplasty and stents do not directly address plaque vulnerability, concomitant medical therapy directed toward coronary risk factor modification is required for the secondary prevention of future events. Likewise, CABG does not treat the underlying disease process. However, in those patients with extensive proximal disease, including severe proximal bifurcational disease, surgery can bypass a relatively long length of diseased vessel. In a sense, this approach provides a solution not only for the high-grade, proximal, angina-producing lesions but also for the inter vening less obstructive plaque which may be vulnerable and may cause future clinical events. This provides a rationale for the surgical treatment of patients who present with extensive plaque burden (such as three-vessel disease).
Historical perspective From its inception in 1968 6 , CABG revolutionized the treatment of CAD. CABG proved an effective tool for the treatment of symptomatic disease, including single vessel, multivessel, and left main (LM) disease. Percutaneous coronary revascularization by PTCA became a reality in 1977.
7 PCI was initially applied only for anatomically non-complex, single vessel CAD. CABG remained the standard of care for those patients with severe, extensive CAD and for LM disease. However, progress in the field of inter ventional cardiology made it feasible to utilize PCI in more advanced lesions.
Clinicians began considering whether the combination of PCI with concomitant preventive medical therapy could provide a safe and effective alternative to CABG. The motivations for a less invasive approach to surgical revascularization include avoidance of a thoracotomy, shorter hospitalization, and faster recovery. However, a procedure which is feasible and appealing from one point of view may or may not be in the long term best inter est of the patient. Various investigators initiated a series of clinical trials, beginning in the late 1980s, in order to determine the optimal role for PCI in the management of severe CAD.
Lessons from the pre-syNTAX trial era The EAST (Emory Angioplasty versus Surgery Trial)
8 , RI-TA-1 (Randomised Intervention Treatment of Angina) 9 , GABI (German Angioplasty Bypass Surgery Investigation) 10 , and BARI (Bypass Angioplasty Revascularization Investigation)
11 trials were designed to test the hypothesis that multivessel balloon angioplasty could offer an effective alternative to CABG. These trials occurred before stents were available and generally involved patients with two-or three-vessel disease. EAST was a single center randomized clinical trial (RCT) which enrolled patients from June 1987 until April 1990. The angioplasty group contained 198 subjects and the surgical group contained difference in diabetic patients when combining six trials that reported on this subgroup. As expected, revascularization rates were significantly higher with PCI -at 5 years, 46.1% following balloon angioplasty, 46.1% following PCI with stents, and 9.8% after CABG. Relief of angina was more common after CABG than after PCI. The difference ranged from 8% at 1 year to 5% at 5 years and was statistically significant (p = 0.001).
Lessons from pooled analysis Individual studies often lack statistical power to rigorously evaluate low frequency events or safety and effectiveness signals among subgroups. A recently published analysis of pooled patient-level data from ten randomized trials of PCI vs. CABG 19 showed that, with a median follow-up of 5.9 years, diabetic patients and subjects age ≥65 treated with CABG had a lower mortality than PCI; no significant mortality difference was manifest for any other clinical subgroups. Different conclusions reached by meta and pooled analyses illustrate the difficulty for clinicians in using them to make treatment decisions about individual patients. It should be noted that the meta and pooled analyses used different statistical methodology for combining trials in order to gain greater statistical power. Both methods attempt to clarify results with a goal of making clinical decisions easier with regard to important subgroups, but opposite conclusions were reached with respect to patients with diabetes.
Clinical trials in the era of drug eluting stents Drug eluting stents (DES) significantly reduce the rate of restenosis as compared to BMS. This advance was regarded as a quantum leap in PCI efficacy and offered the possibility that DES use could overcome the increased rate of repeat revascularization observed in BMS patients in prior BMS vs. CABG trials. Patients with LM disease and those with diabetes and three-vessel disease were subgroups of particular inter est. Small randomized trials and other non-randomized investigations of these subgroups were performed.
20,21
Chieffo reported a non-randomized single center experience from Italy of 249 patients with LM disease; the PCI group consisted of 107 patients, and the CABG group consisted of 143 patients.
22 There were no significant differences in rate of major adverse events after 1 year of follow-up. Lee et al. performed a retrospective analysis of prospectively collected data on 205 consecutive patients with diabetes and multivessel disease undergoing either CABG or PCI with DES.
21
These authors found a lower incidence of major adverse cardiovascular events in the CABG group, although the mortality rate was not statistically different at 1 year (8% in the CABG group compared to 10% in the PCI group, p = 0.6). ARTS II, a multicenter nonrandomized open label trial, compared a single arm (n = 607) consisting of patients with multivessel disease treated percutaneously with sirolimus eluting stents to historical and produced a modest reduction in the rate of restenosis. Though less publicized, CABG surgery also improved via refinement of technique, the use of arterial conduits (particularly the use of the left inter nal mammary graft to the LAD) and improved anesthesia. These developments spawned another series of clinical trials designed to determine the relative value of PCI vs. CABG in the management of severe CAD to evaluate the latest changes in the respective revascularization procedures.
Several trials compared PCI (utilizing BMS) with CABG. These trials generally enrolled patients with slightly more extensive disease (primarily two-and three-vessel) compared with the prior PTCA studies, while continuing to exclude LM disease. The ARTS (Arterial Revasculariztion Therapies Study) 13 , ERACI II (Coronary Angioplasty with Stenting versus Coronary Bypass Surgery)
14 , and MASS-II (Medicine, Angioplasty, or Surgery Study) 15 trials demonstrated no significant mortality difference between the two treatment strategies, but SoS (Stent or Surgery) trial showed a lower survival rate in PCI patients after 6 years of follow-up 16 . Like the balloon angioplasty vs. CABG trials, the BMS trials also showed a higher rate of repeat revascularization in those patients whose initial treatment was percutaneous.
Given the variation in results from individual trials, statisticians tried two approaches, meta-analysis and pooled analysis, to help practitioners make appropriate clinical decisions. Daemon and co-workers performed a pooled analysis of these four BMS vs. CABG trials with 5 years of follow-up.
17 Using a composite endpoint of cumulative incidence of death, MI, stroke and repeat revascularization, they found overall major cardiovascular and cerebrovascular events to be significantly higher in the PCI group (39.2%) compared to the CABG group (23%), p <0.001. This result, however, was driven by the higher rate of repeat revascularization in the PCI group (29%) compared to CABG (7.9%), p <0.001. The cumulative incidence of death, MI, and stroke was similar (16.7% for PCI compared to 16.9% for CABG), p = 0.69. The subgroup analysis for patients with diabetes showed similar results.
Lessons from large scale meta-analyses Bravata et al. published a meta-analysis of 23 studies. 18 The authors included 23 randomized clinical trials in their analysis with a cumulative total of 5,019 patients assigned to PCI and 4944 patients assigned to CABG. This analysis was helpful in confirming the relative increased incidence of one of the main risks associated with CABG. Procedure related stroke was significantly more common in the CABG patients -1.2% with CABG compared to 0.6% with PCI, p <0.001. Survival over 10 years of follow-up was similar in the two groups -a less than 1% difference at 1 year, 5 years and even in those patients followed as long as 10 years. Interestingly, this analysis did not show a survival the use of DES. The primary endpoint was MACCE, a composite of all-cause death, stroke, MI, or repeat revascularization. A significantly higher proportion of patients randomized to PCI experienced major adverse cardiac and cerebrovascular event (MACCE) (17.8%) as compared to patients randomized to CABG (12.4%), p = 0.002. The failure of PCI to meet statistical non-inferiority criteria was driven mainly by a difference in repeat revascularization rates; at 1 year follow-up, 13.5% of PCI patients required revascularization as compared to only 5.9% of patients in the CABG group, p <0.001. The ARTS II demonstrated that DES usage decreased target vessel revascularization rates compared to BMS. As expected, the revascularization rates in the PCI arm of SYNTAX were lower than those reported in previous BMS trials. This was true despite the fact that the mean number of lesions treated in per patient in the PCI arm was 4.3 in SYNTAX. In these SYNTAX PCI patients, however, the revascularization rates remained higher than in CABG -treated subjects. Importantly, the higher frequency of revascularization in post-PCI was not associated with increased mortality at 1 year following the index procedure.
Although the SYNTAX investigators concluded that CABG should remain the standard of care for management of patients with three-vessel or LM CAD, there is widespread agreement that PCI still has a role in the management of some patients with complex and/or multivessel disease. There will always be patients who are either ineligible for surgery, refuse surgery, or who express a strong desire to avoid surgery if at all possible. Additionally, certain aspects of SYNTAX provide important patient management insights. Of the 3075 patients included in the trial, 1275 were deemed suitable for only one treatment option, and of these, 198 were deemed suitable only for PCI. These PCI registry subjects typically had significant comorbidities including 40.4% with prior MI, 30.2% with diabetes, 19.3% with chronic obstructive pulmonary disease, 14.1% with a history of prior transient ischemic attack or stroke, and 4.7% were pacemaker dependent. This indicates one role for PCI in patients with advanced coronary disease. This subgroup of patients with significant comorbidities making them poor surgical candidates can often be managed successfully with PCI.
Going forward, insights into the selection of patients with LM or multivessel disease who can be optimally managed with PCI was provided by the SYNTAX score. The SYNTAX score was designed to reflect the complexity of coronary disease, based primarily on anatomic characteristics present on the diagnostic angiogram, with higher scores indicating more complex disease. For analysis purposes, the authors divided patients into one of three groups with respect to their SYNTAX score (low, medium and high). Among patients randomized to PCI, patients in the highest SYNTAX score tertile experienced arms of the ARTS I trial. The authors concluded, after 3 years of follow-up, that the use of sirolimus eluting stents for treatment of multivessel disease was safer and more efficacious than the use of BMS.
23
Justification for syNTAX The need emerged for a new, large-scale RCT of PCI vs. CABG which would incorporate patients with severe CAD including LM disease. Although professional society guidelines remained unchanged, inter ventional cardio logists began using DES to treat patients with severe, multivessel CAD with increasing frequency. A 2004 survey conducted in the United States and in Europe found a surprisingly high incidence of patients with severe coronary disease (multivessel and/or LM) treated percutaneously: 18% of patients in the United States and 29% in Europe in selected centers. 24 In the absence of validated RCT data, clinical practice was evolving, and practice patterns were likely related to the perceived superiority of DES compared to BMS for treating complex CAD (such as bifurcation lesions) as well as the results from several small trials. In the general enthusiasm surrounding the superior technical performance of DES, many practitioners were tempted to assume that this superior performance would translate into a clinical benefit similar to the benefit observed with CABG vs. medical therapy when applied to patients with advanced forms of CAD.
syNTAX The recently reported SYNTAX trial utilized several important design features which made these results the most relevant information available to guide the management of patients with advanced CAD. SYNTAX was a large prospective RCT for patients with three-vessel or LM (or combined) CAD.
25 Its clinical importance is enhanced by its multicenter design (17 countries and 85 centers) and the enrollment of "all comers". Patients eligible for randomization were those in whom a consensus was reached by an interdisciplinary team of inter ventional cardio logists and cardiothoracic surgeons that equivalent revascularization could be achieved with either therapeutic option. Subjects were prospectively stratified by diabetic status and the presence or absence of LM disease. Patients for whom only one option was deemed appropriate were enrolled into a para llel, nested registry -either a CABG registry for PCI ineligible subjects or a PCI registry for CABG ineligible patients. With this approach, it was possible to include a very high percentage (71%) of screened patients into either the randomized portion or the registry portion of the overall trial. Importantly, all patients in this trial received contemporary revascularization procedures; patients who underwent PCI received DES (Taxus Express, Boston Scientific Corporation), and surgical patients received arterial grafts when possible.
The 1 year results from SYNTAX were generally similar to results from previous trials, despite
